UNCLASSIFIED 
AD  NUMBER 


AD343601 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

restricted 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Foreign  Government 
Information;  14  JUN  1963.  Other  requests 
shall  be  referred  to  The  British  Embassy^ 
3100  Massachusetts  Avenue^  NW^  Washington^ 
DC  20008. 


_ AUTHORITY _ 

DSTL,  AVIA  18/3258,  20  May  2009;  DSTL, 
AVIA  18/3258,  20  May  2009 


THIS  PAGE  IS  UNCLASSIEIED 


CONFIDENTIAL 

memED  iaubum  mmmm 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CRMEION  STATION.  AIKANNIA.  VIMINIA 


CONFIDENTUL 

MOOinED  lANDUMC  AUmOUICD 


» 


■OTId:  ItMn  fovaroMnt  or  othor  dnvlagf,  tpoel- 
fleotlons  or  otbor  data  aro  uaad  for  aay  puzpoM 
oithar  than  In  connactlon  vlth  a  daflnltaXy  ralatad 
fONrarsaant  proeorwant  oparation,  tha  U.  8. 
Ctovamaant  tharaby  Ineura  no  raaponalblUty,  nor  any 
tfhUCitlon  ahatsoavarj  and  tha  fact  that  tha  Oovani* 
■ant  aay  hava  foaadatad,  fumlahad,  or  In  any  nay 
•nppUad  tha  said  dmvtngSf  spaelfieatlons,  or  othar 
data  Is  not  to  bo  regardad  by  lapUeatlon  or  othar- 
vlsa  as  In  any  aannar  lleanslng  the  holder  or  aay 
othar  paraon  or  eozporationf  or  eonraylaf  any  rlifita 
or  pandaaloB  to  MMfhetera^  um  or  sail  angr 
HtWtad  Uwaatlca  that  a«r  la  aay  tay  ha  lalatii 


WgnCE; 

THIS  OOCUCRT  CONIAIIIS  INFOBHATIOIf 
AFFECnnO  THE  RATTORAL  DERRSE  OF 
THE  UlUTED  STATES  WITHIN  THE  MEAN¬ 
ING  OF  THE  ESFIORAOE  lAWS,  TITI£  l8, 
U.S.C.,  SECTIONS  793  and  79^.  THE 
TRANSKESSIOR  OR  THE  REVEIATION  OP 
ITS  COM!lElKrS  IN  ART  MANNER  TO  AN 
uRAuiBORifleD  tmam  zs  fwawwgD 


ir  JM 


i 


UtHt  UMUriliJttll'XAL  -  Uodiflsd  Uandllnx  Aulhoriiid 
U.K.  RBSIRICISO 


CD  CJ 


MINISTRY  OF  AVIATION 


AEROPLANE  AND  ARMAMENT 
EXPERIMENTAL  ESTABLISHMENT 

BOSCOMBE  DOWN 


AAEE  Form  (« 


SCOirr  A.H.  MK.1  XP.165 
NIMBUS  MK.1O1  EN&IME 

TROPICAL  EN&INB  HANDLING  -TRIALS 


PRESENTED  BY 


A.  WILSON,  A.M.I.  MECII.E,,  A.P.R.Ao.S. 
PERFORMANCE  DIVISION 

1. 1  tHiS  INfOt"-**’  ''N  15  [  ISCL-  ■  o:.H!CIAL  U» 

ef  v.'.i  c,c..;r  •■n  '  :j  ant 

o-  ;  ccv'.  '  <  r  rACi.  .  <  :  1  ■.i.s  ct.  in 

AVT  ■  ’  '/•’■'I  V/OL'.'  Ill:  A  I  TMI) 

■  cc'iL-iriON 

j  ;■  ■  .  fj.j-  ,  .ia».UE[/  UNCEI 

Ri  /RP  or 

5  •  '  T  "  .  maiestys 

f  IN 

I  . . .  ’i"'.' ooni'TNT 

r  '  p;'.'r'”.'“rNT 

,  :■■  ■';  *  T'-.-  ,  .--I  I  ■  '".r  TMt 

•  Y 

.  •  ;  *  ■  •  *  •  A  e  •  "  ■  ;  I  , 

'  •.♦•rro  '  »  mav  pe 

^  AfELY  .VNr  .  ‘EIGHTS 


* 

MINISTRY  OF  AVIATION 


Sjjamu^ 

Tests  msde  during  the  troplosl  trials  on  Soout  A.H,  Mk.l  XP,^65  show 
thSit  this  eaglne/sirfraae  oosbinstlon  is  satlsfsothsy  for  laitial  release 
to  the  Serrloe  from  an  engine  handling  point  of  view  svibjsot  to  the 
reon— sfWlstiens  oaotalnii  in  psra.  8.  It  is  emphasised  that  this  eust  be 
regarded  as  m  inberla  ataadard  and  further  eni^  deivlepasiit  as  raooaesnded 
ia  this  repsrt  is  required  te  aahs  the  adrereft  fuUjr  suited  to  its  operational 
rule. 

■IhiS  dooiuaent  contains  inrsmatlon  sffsettag  tbs  IStloaai 


Pefeose  of  the  C.?itc.  l  within  the  tteanlng  of  the 

■splont'ae  .  '.5.  0.  ,  Soctioa  793  and 

794.  It  .  i-ra  jf  its  ooBtoatS 

In  any  ;  :i  is  pronibltod 

by  law.* 


fids  IspeH  da  isaaad  edth  the  aathsrdtr  of 


II  c  CONFIPENTIM 

"•  ■r''  N.  ^  timomzED 

modified 


-  2  - 

feto.*jtf..CgntegSa 

£Sfi 

1 .  Introduction  3 

2.  Condition  of  Aircraft  ralorant  to  Trials  3 

3.  Znatrunentation  3 

4.  Plight  and  Engine  Llaltaitloa  ^ 

5.  Tecta  Made  ^ 

6.  Teat  Results  7 

7.  Conclusions  10 

8*  l>eoo— andatioas  10 

List  of  Illustrations 

Variation  of  Rotor  Autorotation  r.p.n.  with  Aabient 
Air  Teeperature  1 

Variation  of  gas  generator  flight  idle  r.p.n.  with  AiAient 
Air  Tes^rature  2 

Governor  Response  3 

Engine  Response  4 

Traaeient  Rotor  Droop  5 


/l.  latredMotiOB  ... 


U.  S.  Ci'MFIDFNTtAl 

r.'o?v ir'fc ' : ■  ■  iorized 


1 .  Introduction 

Xndlne  hcndllng  trials  mre  conducted  on  Scout  A.H.  Mk.i  XP.165  as  part  of 
ths  Tropical  C.A.  Release  prograase.  The  trials  were  oonaenoed  at  Idris 
Airport  ^ihya  but  owing  to  the  seasonal  reduction  in  snblent  air  tei^perature  in 
■Id-Septeaber  the  test  alroraft  was  Mved  to  Xhartoun  for  oos^letlon  of  the  hot 
weather  trialst  The  aircraft  was  finally  positioned  at  Wilson  Field,  Nairdhi 
for  high  altitude  perforeanoe  and  handling  trials.  During  the  period  of  the 
trials  aeblent  air  teeperatura  varied  between  ISA  -)-lO%end  ISA  428°C,  and  where 
relevant  ttte  prevailing  tegq^wraturss  are  referred  to  in  the  report. 

2.  Condition  of  Aircraft  relevant  to  Trials 

The  test  aircraft  was  one  of  the  developeent  batch  powered  with  a  Nlri>us 
Wk.lOl  engine.  Initially  the  engine  fuel  system  incorporated  a  datum  resetting 
oaa  on  the  free  turbine  governor  and  an  aooelaratlon  control  valve  installed 
downstream  of  the  fuel  control  unit.  At  an  early  stage  in  the  trial  the  system 
was  changed  tc  the  cne  described  beliwr  owing  to  malfunotlonlng  of  the  A.C.V. 
which  was  considered  to  present  a  serious  flight  hasard.  All  data  in  this 
report  was  obtained  with  the  aircraft  in  the  oooflguratlon  as  desoribed  below. 

The  Nlhbua  Mk.lOi  is  a  turboahaft  free  turbine  engine  and  ooneiets 
beaioally  of:- 

(a)  das  flenerator 

This  eosprisss  a  two  stage  axial  flow  and  single  stage  eentrifugal 
oompressor  driven  by  a  two  stage  axial  flow  turbine.  The  inlet  guide 
vanes  are  of  the  variable  inoidenoe  type  operated  by  a  pnaumadio  aotuetor 
which  relies  on  a  pressure  tapping  oaths  eoaqsreaser  delivery  for  its 
working  fluid  and  a  signal  proportional  to  oompressor  epeod.  The 
ooabuation  ohaaher  is  of  the  annular  type. 

(b)  Power  Turbine 


This  la  a  single  stage  axial  flow  turbine  boused  in  the  erluniet 
casing  and  transmits  its  power  to  a  two  stage  reduetioB  gsarboK  eeuntei 
on  the  exhaust  casing. 

(0)  Fuel  System 

The  fuel  system  coi^riaes  the  following  main  oompoosBta. 

(1)  Coafcinsd  fuel  control  unit  and  puma 

The  puap  is  a  gear  (constant  dlsplaoenent)  type  Integrally 
housed  with  a  hydro-msohaaloal  variable  datum  governor  aiid 
plunger  type  throttle  control.  The  datum  setting  and  throttle 
controls  are  mechanieally  linked  to  a  twistgxlp  on  tba  oolleotive 
pitch  lever.  This  provides  t  he  means  for  aooelerating  the  gas 
generator  from  ground  idle  to  the  normal  flight  condition  u^r 
the  control  of  the  governor.  With  the  throttle  (twlstgrip) 
in  the  fully  open  position  this  governor  operates  as  a  top 
speed  barrier  only  and  oemtrol  of  the  gas  gensrator  ia  tnMimM 
to  the  firee  tinbins  governor  mhieh  reqpenae  to  paner  tMMla 
from  the  rotor. 

(ii)  free  Turbine  dovemor 

This  is  a  siiBle  kydro-neohanioal  variable  datum  type  sensing 
fWee  twbias  (rotor)  SP*«A  and  meters  fuel  downstream  of  the 
fnsl  eontrel  unit.  The  datum  aatting  msohamisa  is  mperatad 
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by  an  electrical  actuator  under  the  control  of  a  three  position 
switch  (spring  loaded  to  the  central  off  position)  mounted  on 
the  collectlTe  pitch  lever.  This  provides  the  means  for 
selecting  the  datum  rotor  speed,  about  vdiioh  the  govemora  will 
control  in  acoordance  with  the  static  dro^  law  normally 
associated  with  proportional  type  governors. 

( ill)  Altitude  Compensator 

This  consists  of  a  double  bellows  assembly,  one  evacuated  and 
one  open  to  anbient  pressure  controlling  a  bleed  from  the  ^.C.U. 
which  spills  fuel  direct  to  the  aircraft  fuel  tank  proportional 
to  the  pressure  height. 

(iv)  Overspeed  Trios  and  Torque  Limiter 

These  items  were  installed  but  rendered  inoperative  at  a  later 
stage  in  the  trials  and  have  therefore  been  omitted  in  the 
Interests  of  simplification. 

(v)  Hich  Pressure  Cock 

This  is  a  single  mechanically  operated  two  position  oook, 
installed  in  the  line  downstream  of  the  free  turbine  governor. 

(vl)  Rotary  Atomiser 

Metered  fuel  is  passed  through  a  fle-dbox  seal  on  the  engine 
front  casing  through  a  tube  in  the  centre  of  the  compressor 
shaft  to  a  small  Inpellor  where  the  fuel  pressure  is  boosted 
and  the  fuel  is  finally  discharged  in  an  atomised  state  from 
through  9  equally  spaced  holes  around  the  periphery  of  the 
comnrensor  shaft  where  it  passes  through  the  frent  of  the 
combustion  chamber. 

(vU)  Torch  Ignitor 

A  single  torch  ignitor  is  mounted  in  the  combustion  chrjAer 
and  fed  with  fuel  from  a  tapping  on  the  fuel  control  unit 
under  the  control  of  a  pressure  switch  sensing  compressor 
delivery  pressure  and  designed  to  cut  the  fuel  supply  to  the 
torch  ignitor  above  the  self  sustaining  gas  generator  r.p.m.  as 
part  of  the  automatic  starting  cycle. 

(d)  Starting  System 

The  engine  is  rotated  for  starting  by  a  combined  starter  generator 
irtiich  is  controlled  by  an  automatic  starting  cycle.  Initiation  of  the 
starting  cycle  in  the  cockpit  energises  the  starter  and  high  energy 
ignition  supply  to  the  torch  ignitor.  With  the  high  pressure  cock  in 
the  open  position  fuel  is  passed  to  the  torch  ignitor  only  during  the 
initial  phase  of  the  start.  When  the  fuel  pressure  has  reached  a  predeter¬ 
mined  level  a  pressurising  valve  opens  admitting  fuel  to  the  main  burner 
line.  The  engine  then  continues  to  acoelerate  under  the  combined  influence 
of  the  starter  motor  and  fuel  coobustlon  until  it  reaches  its  self 
V  SHitalnlng  r.p.m.  At  this  point  a  pressure  switch  operates  cutting  out 
the  electrical  supply  to  the  starter  and  high  energy  igniter  and  operates 
a  solenoid  valve  to  cut  off  the  fuel  sv^ply  to  the  torch  igniter.  In 
addition  the  pressure  switch  operate?  a  field  changover  switch  which 
ewiverts  the  starter  to  a  generator.  The  engine  eontlnuea  to  aoeelerede 
under  the  oontrol  of  the  governor  in  the  fxwl  control  unit  until  it 
reaches  tbs  stable  ground  idle  condition. 

A*)  ... 
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(e)  Engine  Ad-luatmanti 

The  fuel  system  deserihed  briefly  shove  en^loys  a  constant 
displacement  engine  driven  pusp  and  consequently  control  has  to  be 
effected  by  spilling  off  surplus  fuel.  This  is  done  by  a  pressure  relief 
valve  on  the  pusp  delivexy  which  spills  back  fuel  to  the  inlet  side 
according  to  the  varying  demands  of  the  fuel  control  unit  and  the  free 
turbine  governor.  Alternatively  the  puep  may  be  regarded  as  maintaining 
a  substantially  constant  pressure  upstream  of  the  metering  units  (i.e. 
F.C.U.  and  F.T.D.)  which  in  turn  effect  control  by  varying  their  floe 
nuahera  and  hence  the  pressure  drop  across  the  units. 

An  adjustable  acceleration  bleed  is  provided  on  the  fuel  control 
unit.  This  is  used  to  modify  the  flow  characteristics  of  the  unit  to:- 

(i)  Control  the  fuel  available  for  acoeleratlon  during  the 
automatic  starting  cycle  ur>  to  ground  idle. 

(il)  Adjust  the  sensitivity  of  the  system  to  fuel  demands  sbove 
this  condition. 

An  adjustable  by-pass  is  provided  across  the  governor  to  provenb 
flame  extinction  on  r^pld  reduction  of  power.  Adjustable  stops  are 
provided  to  control  the  minimum  ai^  maximum  throttle  positions  which  in 
turn  control  the  range  of  authority  of  the  goveraor. 

The  Free  Turbine  ttovernor  has  an  adjustable  by-pass  to  prevent  flame 
extinction  on  rapid  rtfduction  o'  power.  This  can  also  be  used  to  adjust 
the  gas  generator  speed  and  hence  the  power  available  at  flight  idle. 

The  Altit^  Compensator  is  provided  with  an  adjustment  to  vary  t  he 
datum  but  noi  the  slope  of  the  barometric  correction  curve. 

As  some  of  tbs  adjustments  referred  to  above  affect  the  pressure 
drop  across  the  units  there  is  a  high  degree  of  Interaction  and  adjustment 
of  one  control  frequently  necessitates  adjustment  to  another. 

(e.g.  Adjustment  of  the  acceleration  bleed  or  altitude  cospensator  can 
entail  adjustment  of  the  ground  idle  stop). 

Adjustmsnt  of  the  free  turbine  governor  by-pass  normally  entails 
several  flights  with  inter  flight  adjustment,  as  the  flight  idle  gas 
generator  speed  can  only  be  checked  during  a  descent  at  alninun  eoUeotive 
pitch. 

Adjustment  of  the  altitude  cospensator  or  maximum  throttle  step 
requires  checkliv^  on  a  ceiling  climb. 

(f)  Eiutlne  and  Component  Change 

During  the  course  of  the  trinls,  several  engines  were  rejected  due 
to  high  oil  oonsusption  and  surge.  I.G.F.  actuators,  fuel  control  units 
and  free  turbine  governor  were  also  oh'^nged  due  to  malfunctioning.  Host 
of  the  troibles  ex^rienoed  are  basic  engine  -  problems  not  related  to  high 
temperature  operation  and  are  dealt  with  in  the  Inglnsering  report  ref  1  • 

3«  Instrumentation 

An  automatic  observer  was  Installed  to  record  engine  temperature  and 
pressures  and  basic  flight  data  and  used  to  obtain  steadf  state  conditions. 
Continwus  traoe  recording  of  the  mein  engiss  perensters  was  also  provided 
and  uMd  for  transient  oraditiens. 
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4-t  Flight  and  engine  limitations 

Englns  and  airframe  limitations  for  the  trials  vrere  given  as  follows;- 
.  .  4.1  WsilAt  and  Centre  of  gravity 

The  maximum  operating  weight  is  5.000  lb. 

The  longitudinal  c.g.  limits  are  5.0  in  forward  to  5.5  In  of^ 
of  the  axis  of  referance. 

The  lateral  c.g.  limits  are 

(a)  3.0  in  port  to  3.0  in  starboard  -  normal  spider  arms. 

(b)  3.0  in  port  to  5.75  in  starboard  -  extended  spider  arms. 

The  normal  vertical  e.g.  range  is  from  43  in. to  5l  in.  below 
datum.  For  test  purposes  the  lower  limit  is  extended  to  55.9  in.  below  datum. 

4.2  Airspeed 

The  maximum  permitted  airspeed  is  120  knots  indicated  to 
2,500  ft.  reducing  by  4  knots/i ,C00  ft.  above  this  altitude.  With  normal 
spider  arms  and  aft  centre  of  gravity  the  airspeed  is  to  be  further  reduced  bF 
10  knots  for  each  inch  of  c.g,  position  aft  of  a  point  2.5  Inehes  aft  of  datum. 
Wllh  extended  spider  arms  the  maximum  permitted  speed  is  unaffected  by 
longitudinal  o^g.  position. 

The  maximum  rearwards  speed  is  20  knots. 

The  ma:r.imum  sideways  speed  is  20  knots. 

The  moilnua  speed  in  autorotatlon  and  flight-idle  glide  is 

90  knots. 

171th  extended  spider  arms  the  maximum  speed  is  115  knots  I.A.S, 

The  airspeeds  are  to  be  reduced  by  5,  10  knots  rempeetlvmly 
in  ambient  tesgieratures  in  the  ranges  1O  to  20  and  20  to  30  dogrees  above 
standard. 


4.3  Rotor  Speed 
Powui^n 

The  maximum  power-on  rotor  speed  depends  upon  the  torque  and  is 
defined  by  the  following  table 


Kax.  rotor  apeed  (r.p.m.) 

vp  to  torque  (f) 

440 

■ero 

430 

5 

420 

15 

41 0 

97' 

1  400 

100 

/Fhe  miniaun 
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The  BlnlBUB  oontinuous  poeer-on  rotor  speed  Is  360  r.p.m.  In  | 

transient  oondltions  a  nlnlnun  poirer-on  rotor  speed  of  360  r.p.m.  is  permitted  ^ 
at  torques  up  to  80f . 

Motof  S(d)sequent  to  the  trials  limltatlona  were  obMted  sUfbtljr  to  the 
folloving:- 

Msjdmum  Rotor  r.p.m.  %  Torque 

Ji40  up  to  60 

400  tp  to  100 

5.  Tests  Made 

The  various  engine  parameters  were  recorded  under  the  following  oonddtlons:-  I 

(i)  Engine  Starting  and  Acceleration  to  Ground  Idle.  ' 

(ll)  Aeoeleration  from  Ground  Idle. 

( ill)  flight  Idle  descent  and  Autorotation. 

(It)  Ground  run,  hover  and  vertleal  climb. 

(v)  Step  Inputs  of  ooXleetlve  pitch  froa  mlninua  pitch  on  ground 
conUtlon. 

(vl)  Quick  Stops. 

(vli)  Recoveries  from  Autorotation. 

(Till)  Step  Inputs  of  collective  and  cyollo  pitch  durii«  ellhb,  orulso 
and  fli^t  idle  descent. 

6.  Test  Bssults  | 

6.1  Engine  starting  and  ground  idle  * 

In  general  the  aircraft  internal  batteries  were  used  for  starting 
throughout  the  trials.  This  did  not  give  rise  to  any  problems. 

The  light  up  occurred  at  approximately  5  seconds  and  12^^  coiq)reaa or  speed,  j 
ignition  off  at  i5  aeoonds.  The  tine  to  stable  ground  idle  conditions  varied  i 

with  the  aeoeleration  bleed  adjustment.  This  was  fairly  critical  necessitating  ; 
a  conpromlse  between  high  transient  J.P.T.  (jet  pipe  temperature)  during 
starting  and  sufficient  fuel  to  accelerate  beyond  the  self  sustainli^  ei«ine 
speed.  (225?  Ng).  An  overall  tine  of  30-35  seconds  to  ground  idle  was  found 
to  be  satisfactory  and  gave  an  acceptable  degree  of  sensitivity  for  the 
subsequent  acceleration  to  the  fully  governed  condition. 

On  Hot  restart  it  was  found  that  the  pre-start  J.:-.T.  must  not 
exceed  150  C  in  order  to  keep  within  the  transient  J.P.T.  limits  of  630^.  In 
this  connection  pre-start  ventilating  runs  were  found  to  have  little  effect 
and  initially  caused  a  rise  in  indicated  J.P.T,  It  was  found  that  outtiag  the 
H.P.  cock  at  the  miniaum  pitch  on  ground  conUtion  (Whero  the  stshla  J.P.T.  is 
lower  than  ground  idle)  followed  by  a  20  second  ventilating  run  enhblsd  a 
restart  to  be  made  after  four  minutes. 


6.2  Acceleration  from  ground  idle 

In  the  absence  of  any  surge  protection  it  was  nscessaiy  to  handle 
the  tw^t  grip  with  caution.  In  the  event  of  an  inadvertent  overfuelling 
surge  however  it  was  found  that  tbs  engine  responded  inaediately  to  a 
raduotion  in  tbrottla  and  there  was  no  need  to  eloeo  the  H.P,  cock  to  avoid 
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6,3  Flli^ht  Idling  Condition  and  Autorotatlve  Rotor  Speed 

With  the  present  surge  characteristic  of  the  Nimbus  engine  it  is 
neoessAry  to  accept  a  pomr  contribution  to  the  rotor  at  flight  idle  in  order 
to  ensure  that  the  gas  generator  speed  is  maintained  at  a  level  from  nhlch  it 
can  be  accelerated  at  an  acceptable  rate.  It  is  also  necessaiy  to  maintain 
the  true  autorotatlve  rotor  speed  at  minimum  collected  pitch  within  acceptable 
limits  in  order  to  meet  the  engine  failure  case.  In  order  to  reduce  the  nualber 
of  variables  it  has  been  generally  agreed  that  basic  settings  shall  be  related 
to  the  following  datum  condition  which  apply  throughout  this  report  unless 
otherwise  stated. 

Aircraft  A.U.V/.  -  5,000  lb. 

Aircraft  fwd.  speed  -  50  knots 

I.S.A.  ht.  -  2,000  ft. 

It  can  be  shown  that  at  constant  pitch  for  any  given  aircraft  weight, 
forward  speed  and  pressure  hei(,..t  the  true  autorotatlve  rotor  speed  varies 
approximately  as  the  square  root  of  the  absolute  teiiq>erature .  It  was  therefore 
nacessary  to  increase  the  basic  pitch  on  the  main  rotor  in  the  prevailing  high 
air  temperatures  to  reduce  the  autorotation  r.p.m.  to  an  acceptable  level.  It 
was  also  necessary  to  increase  the  flight  idle  gas  generator  r.p.m.  in  order 
to  obtain  an  acceptable  engine  response  from  this  condition  and  hence  an 
acceptable  transient  droop  (see  para.  6.5).  A  satisfactory  compromise  was 
arrived  at  and  test  results  in  this  report  relate  to  this  condition.  In  order 
to  avoid  frequent  adjustment  whilst  still  maintaining  these  parameters  within 
aeoeptable  limits  havlr,g  regard  to  the  day  to  dsgr  variations  in  ambient 
te^ratures  within  the  normal  seasonal  or  geographical  pattern,  it  is  considered 
that  tbs  basic  settings  should  be  related  to  the  following  datum  temperature 


oondltions:- 

Temperatue  climate  (ISA  -20°C  to  ISA  -kIO^C) 

Datw 

(a) 

ISA  -5®C 

(b) 

Tropical  climate  (ISA  +5®C  to  ISA  +50®C) 

ISA  +20°C 

(c) 

Subarctic  climate  (ISA  -40°C  to  ISA  -I0*’c) 

IS/'.  -25 °C 

Fig,  1  shows  the  variation  of  rotor  speed  with  abblent  air  tenperatures 
for  these  datum  conditions  and  can  be  used  to  obtain  the  corrected  true 
autorotation  rotor  speed  appropriate  to  the  ambient  air  temperatures  prevailing 
during  the  test  run. 

Fig,  2  shows  the  variation  of  gas  generator  speed  with  ambient  air 
temperature  to  maintain  a  constant  at  flight  idle  condition  which  was  found 

during  the  trials  to  provide  a  rep..?onable  compromise  between  responee,  surge 
margin  and  power  contributing. 

It  was  found  inportant  that  the  power  contribution  at  the  datum 
tesperature  condition  should  not  give  more  than  8  r.p.a.  increase  in  rotor  ^aed, 
ths  actual  values  being:- 

i.l2  r.p.m.  True  autorotatlve  rotor  speed  and 

A20  r.p.m.  Flight  idle  rotor  speed. 

To  facilitate  setting  up  at  ambient  tenperat'.ires  above  or  below  the 
datum  condition,  a  flight  idle  rotor  speed  of  U20  r.u.m.  ma;-  be  assumed  and 
the  free  turbine  governor  by-pass  r.;sy  be  adjusted  if  necessary  to  give  tliis. 

This  may  be  exceeded  slightly  at  the  vpper  end  of  the  tcanerate/hraeket  by 
virtue  of  the  increase  in  true  autorotatlon  rotor  r.p.m.  but  there  should  ba 
no  power  contribution  at  temperatures  of  '»17^C  and  ihova. 
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6  A  J^ft2e^,Rots£_Sro2g 

The  free  tvirhiae  governors  tested  verled  in  their  hMio  retee.(i.e. 
the  variation  at  decrease  in  rotor  spaed  with  ponar  on  for  staady  oondiiioqa) 
and  gaaerally  datarioratad  within  the  first  few  houra  of  fli|^.  Whilst  this 
datarioMtion  was  undesirable  it  was  ooneidered  that  the  following  was 
aaeaptable  as  an  intaria  standard. 

Basic  static  droop  batwaan  Biniaun  citob  on  ground  condition  aad 
100^  torque:-  20  plus  0  ainus  5  rotor  rtp»B.  with  a  pOraibBible  datarioration 
in  aarvioa  to  25  r.p.a. 

The  flight  idle  condition  is  defined  in  peu*a.  6.3> 

Iha  operating  technique  adopted  oonaisted  of  aatting  410  r.p.a. 
rotor  spaed  at  ainiaua  pdteh  on  ground  and  aooaptiiv  the  static  droop  for  all 
ncraal  flying.  This  gam  390  r.p.a.  at  the  aaxiBua  peraissibla  tos^que  condition 
aad  400  *  4  r.p.a.  in  level  fli^.  In  order  to  achlava  the  aaxiBua  oliid) 
perforaanoa  pamitted  by  the  engine  and  rotor  liaitation  the  spaed  seleot 
triaaer  was  operated  to  give  400  r.p.a.  at  100  Torque.  Initially  the  apaad 
select  aotuat or  had  a  range  of  authority  of  ^proodnataly  70  r.p.a.  but  at  a 
later  stage  in  the  trial  this  was  reduced  to  i5  r.p.a.  by  a  ai^pla  aedifleatiaa 
aad  rlqtged  to  give  4lOIb?.p.n.  on  the  lower  liait  of  travel.  This  aasvABno 
to  provide 

(a)  Liaited  authority  to  prevent  downward  runaway 

(b)  Suffieient  toward  authority  to  perait  trinlng  to  40CBr.p.B. 
at  100^  Torque  plus  5  r.p.a.  to  oater  for  governor  deterioration. 

(o)  Iiiaited  authority  to  contain  an  inward  runaway  or  iaadvertant 
aeleotion  of  ainiaua  oolleotive  pitch  by  the  pilot  with  the  rotor 
speed  triaaed  up. 

(d)  An  easy  aeans  of  reverting  to  the  datua  ooadition  after  talanlag 
in  flight. 

6.5  Bnicine  Heenww  and  Transient  Hotor  Drooo 

Fig.  3  shows  the  governor  reaponse  to  oolleotive  pitch  denande.  The 
gas  generator  lag  is  the  elapsed  tine  between  initiation  of  the  oollsetive 
pitch  aoveasnt  aM  the  response  of  the  gaa  generator.  Colleotive  pitch  lever 
rates  ^p  to  llVsscond  were  obtained  froa  trace  records  of  quick  stops  aad 
autorotation  recoveries..  The  higher  rates  were  obtained  froa  trace  reeords  of 
aaall  step  inputs  of  oolleotive  pitch  froa  the  ainiaua  pitch  on  ground  ooadition. 
ilthough  oolleotive  pitoh  rates  in  excess  of  11  Vsocodd  oanaot  be  used  with  the 
present  standard  of  engine  it  is  oonsidersd  that  Fig.  3  can  be  used  as  a  guide 
to  future  developBeBt.  It  will  be  noted  that  the  tiae  oonstant  tm  the  aystea 
is  qtpreaciaately  .15  aeos..  aad  the  overall  lag  appropriate  to  l8^  .per  aeooad 
eoUeetive  pitch  rate  (i.e.  application  of  ooi:’eotlve  pitoh  froa  flight  idle 
to  fSfi  oas  hour  power  in  oae  second)  is  .3  aeooads.  It  is  thersfoxe  ooneidered 
that  an  antidipatt  would  reduoe  the  overall  lag  by  .15  aeoonds  during  a  one 
second  recovery  and  is  tbsref  ore  net  worth  the  eonplioation. 

Fig.  4  shows  the  gas  generator  acceleration  in  response  to  collective 
pitch  deaands  during  recoveries  from  autorotation.  The  accelerations  plotted 
are  naxlnun  obtained  from  the  steepest  part  of  the  curve  above  flight  Idle. 

As  the  acceleration  of  the  engine  is  at  present  liaited  by  surge  and  the 
curve  in  Fig.  4  remains  quite  steep  up  to  the  limits  tested  it  is  ooncluded 
that  an  isproveoent  in  surge  margin  at  flight  idle  would  also  show  a  aaidced 
isproveaent  in  engine  acceleration  at  the  hl^er  powers. 

Fig.  5  shows  the  variation  of  transient  droop  with  collective  pitoh 
lever  rates  during  quick  stop  aanoeuvres.  (i.e.  reduction  of  collective 

^iteh  to  ... 
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pitch  to  ■inlnim  followed  by  roorword  oorenent  of  oyclie  stiolc  to  reduce  forward 
•peed  to  approximately  20  kte.,  forward  movement  of  oyollo  stick  to  level  the 
aircraft  ud  reeppllcatlon  of  collective  pitch  at  the  onset  of  sink).  In  view 
of  the  perfomenoe  margin  on  this  aircraft  this  manoeuvre  can  be  made  by 
recovering  to  80^  torque.  This  figure  was  used  for  the  assessment  shosrn  in 
Tig.  5*  It  will  be  noted  that  with  a  two  second  ipplioation  of  oolleetive 
pitch  the  transient  rotor  droop  does  not  exceed  the  lower  power  on  limitation. 

In  general  engine  surge  should  and  oan  be  avoided  by  limiting  the  rate  of 
of  collective  oltoh  from  flight  idle  to  7/ eooond  on  oolleetive 
pitch  lever  (l.e.  approx 3°^pitcVsooond  on  main  rotor  blades.)  (Check  also  on 
pildts*  pitch  indicator).  Nevertheless  experience  has  shown  that  the  engine  is 
unlikely  to  sustain  damage  during  surge  and  will  be  immediately  restotrad  to 
normal  running  conditions  by  a  momentary  small  reduction  in  collective  pitch. 

It  was  also  demonstrated  during  this  trial  that  continued  applloatlon  of 
oolleotlve  pitch  after  the  onset  of  surge  produced  a  transient  rotor  speed  ct 
approximately  378  r.p.m. ,  but  there  was  a  negllgibls  loss  et  height  mad  the 
engine  aooelerated  throu^  this  condition  to  stable  running  at  ths  higher  pomer. 

6.6  System  Stability 

The  system  was  subjected  to  step  inputs  of  oolleetive  pitch  and 
osroliO  pitch  under  conditions  of  olisb,  cruise  and  flight  idle  deseent.  The 
laduoed  oscillations  in  gas  generation  r.p.m.  were  well  danped. 

6.7  General 


Several  engine  and  eooponent  changes  were  made  without  recourse  to 
subsequent  power  checking  on  the  tie  down.  The  various  parameters  were 
oheoked  during  ths  ground  run  and  hover  in  the  ground  cushion  on  tbs  basis  at 
previous  operating  experience  and  a  full  power  check  made  la  normal  flight. 

The  setting  of  the  I.G.V.  actuator  was  greatly  facilitated  by  use  of  the 
eookplt  indicator  installed  as  part  of  ths  instrumentation. 

7.  Conolusions 

From  the  tests  d(»SB  on  XP.165  it  is  considered  that  the  Soout  A.H.  Mk.1 
is  aatisfaotoxy  for  interim  release  to  ths  Servioe  in  Ibmperats  sod  Tropiosl 
oonditions  from  an  engine  handling  point  of  view  sdbjsct  to  tbs  rseemnsndations 
oontalned  in  para.  8. 

8.  He  commendations 

(1)  Tbs  acceleration  bleed  on  the  fuel  control  unit  should  be  adjusted 
to  give  an  overall  starting  time  to  ground  idle  of  30-35  seconds. 

(ii)  If  for  opermtional  reasons  it  is  desired  to  restart  as  soon  as 
possible  after  shut  down,  the  N.?.  cook  should  be  closed  with  tlw  en^ne  at 
maxiaua  throttle  ninimun  eolleotive  pitch  followed  by  a  twenty  second 
ventilating  run. 

(ill)  Caution  should  be  exercised  when  advancing  ths  throttle  above  grsimid 
idle  to  avoid  surge.  If  inadvertent  surge  is  encountered  the  throttim  ahevld 
be  reduced  imsiediately.  This  should  be  demonstrated  as  part  of  pilot 
oonverslon. 

(iv)  The  xeoommsndBd  rotor  and  gas  generator  settings  of  para.  6.3  should 
be  promulgated  in  the  production  Fll^t  Test  Schedule  and  appropriate  airoraft 
pdbliqatlons. 

(v)  The  rotor  governor  speed  select  actuator  should  be  modified  to  limit 
its  authority  to  l5Rr.p.n.  and  the  airoraft  rigged  in  accordance  with  para.  6J6» 

(vi)  Application  collective  pitch  from  the  flight  idle  condition 
should  be  lifted  to  7-  °  per  seoood  lever  rate  to  avoid  surge.  Unless 
opsratleaml  oonditions  diotate  othsrwise ,  inasdiate  reoovexy  aotien  by 
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raduotlon  of  collaotlve  pitch  should  be  taken  In  the  event  of  inadvertent  surge. 
This  should  be  denonstrated  as  part  of  pilot  conversion. 

(vii)  Some  form  of  oookpit  indication  should  be  provided  to  indicate  the 
two  extreme  positions  of  the  I.d.V.  actuator. 

(vlli)  Information  regarding  rotor  r.p.m. ,  gas  generator  r.p.m.  torque  and 
J.P.T.  for  ground  idle,  minimum  pitch  on  ground  and  hover  conditions,  showing 
variation  with  temperature  should  be  included  indie  aircraft  publications  to 
endble  reference  oheoks  to  be  made  after  engine  and  oonqionent  changes.  This 
should  enable  aircraft  to  be  cleared  for  flight  without  the  use  of  a  tie  down. 

(lx)  The  torque  limiter  should  be  permanently  deleted  and  audio  warning 
aubstituted. 

(x)  The  free  turbine  overspeed  trip  should  be  absolutely  reliable  and 
oonaistent  in  operation  otherwise  this  could  be  considered  to  present  a  mors 
serious  haxard  than  the  one  iriiloh  it  is  Intended  to  guard  against. 

(xl)  Further  develppment  of  the  engine  and  fuel  system  is  required  to 
provldo:- 

(a)  A  flight  idle  gas  generator  speed  of  c.t  least  28.000  r.p.m,  with 
aero  power  contribution  to  the  rotor  under  I.S.A.  the  datum 

^  temperature  conditions . 

(b)  An  improved  governor  with  a  reduced  rate  and/or  static  droop 
oancelllng  to  give  a  rotor  speed  of  400  r.p.m.  and  100^  torqw 
without  the  necessity  of  trlsinlng  on  the  rotor  speed  select  control. 

(xii)  Adjustable  stops  should  be  provided  at  a  oonvenlent  position  in 
the  colleotive  pitch  linkage  to  permit  adjustment  of  the  basic  pitch 
independent  of  the  rotor  track  rods. 
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